The paper describes how electrical properties of Pt/InP Schottky diode were affected by semiconductor type. We fabricated Pt/p-InP and Pt/n-InP Schottky diodes and measured electrical characteristics from 20 K to 400 K. Thicknesses of less than 30 nm of platinum were deposited on the two types of indium phosphide substrates using magnetron sputtering technique after the creation of Zn-Au ohmic back contact. We discussed basic diode parameters of idealiy factors, barrier heights and serries resistances of the two type of contacts. Additionly, unusual temperature characteristics of the the diodes were highlighted. These results were evaluated in terms of semiconductor type comparision of Pt/InP Schottky structures.
Introduction
The preferred material and technique is mostly effective in the forming of semiconductor devices. InP is an extremely suited substrate since high electron mobility and high speed performance. Platinum is also used in several areas as a gate contact metal in most of devices successfully [1, 2] . Magnetron sputtering technique is generally used for controlling the thickness distribution and obtaining high rate of uniform surfaces.
It is of great value to form Schottky diodes that have high barrier heights and good thermal stability in the realization of getting better performance. To achieve fabricating such a diode and obtaining the desired characteristics, it is very important to be careful in all stages from selecting material type, using appropriate technique to physical and chemical cleaning and measurement processes. The successful experimental results in different temperature conditions using platinum and InP separately were published in the litterature. Therefore we assess such an option for the material selection. We emphasized the effects of semiconductor type on electrical characteristics in given temperature conditions. Semiconductor type dependent investigations have been done by various researchers. For instance, Yıldız et al. investigated electrical characteristics of Au/SnO 2 /n-Si and Al/SnO 2 /p-Si Schottky contacts at 200 and 295 K [3] . Siad et al studied series resistance and diode parameter differences between Al/n-Si and Al/p-Si Schottky contacts [4] . Akkılıç et al., determined correlation between barrier heights and ideality factors of Cd/n-Si and Cd/p-Si Schottky barrier diodes [5] . Arslan et al. published electrical characteristics of Pt/p-InGaN and Pt/n-InGaN Schottky barriers in a wide temperature range [6] .
Experimental Section
In this study, cleaned and polished p-InP and n-InP wafers with respectively 4.8 × 10 17 cm −3 and 2.5 × 10 15 cm −3 carrier concentration and (100) orientation were used. In order to remove undesirable impurities and surface damage layer, wafers were dipped in 5H 2 SO 4 + H 2 O 2 + H 2 O solution for 1.0 min. After H 2 O + HCl solution cleaning process, wafers were cleaned in 18 MΩ de-ionized water. High purity nitrogen was used in drying periods. Ohmic contacts were formed by thermal evaporating of Zn-Au alloy on p-InP and n-InP under 10 −6 Torr pressure in a vacuum chamber. The p-InP and n-InP were annealed respectively at 350℃ and 300℃ for 3 min in flowing N 2 to form low resistance ohmic contacts in a quartz tube furnace. DC magnetron sputtering technique was used to form 1.5 mm diameter circular platinum dots in the other face of p-InP and n-InP wafers. Platinum thicknesses were about less than 30 nm as schematically shown in Fig. 1 . In fabrication process, while diodes were forming, they were taken under identical conditions to minimize fabrication induced differences. In this context, the main electrical parameters of the diode depending on the semiconductor type will be examined from 20 K to 400 K. I − V measurements were taken under dark conditions by a Keithley 487 Picoammeter/Voltage Source. We can see the basic measurement system schmatically in Fig. 2 . Temperature was controlled by a Leybold Heraeus closed-cycle helium cryostat enables to measure in the 10-340 K temperature range. A Windaus MD850 electronic thermometer was used for reading temperature. Electronic thermometer sensitivity was better than 0.1 K. 
Results and discussion
Fabrication technique is one of the basic parameters for getting better device quality. We used magnetron sputtering technique in platinum Schottky metal coating process. Figure 2 shows a basic diagram of a coating process using magnetron sputtering technique. This technique permits controlling the thickness distribution and getting high rate of uniform surfaces. So, we can obtain stable contacts. One of the ways of testing contact quality is measuring electrical characteristics.
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Ar + ions hit the target Electrical performance of metal-semiconductor contacts are affected by operation temperatures and properties of preferred semiconductor type. Figure 3 displays current voltage characteristics and basic differences between the two types of Schottky diodes depending on temperatures from 20 K to 400 K. Temperature stability of various layered electronic structures containing platinum was emphasized in many studies [1] . Pt/p-InP Schottky contact had high quality rectifying behaviour in all temperature conditions. Reverse saturation currents were changed from about 10 −9 A to 10 −6 A. Ellipse 1 (E1) explains reverse current features of Pt/p-InP Schottky contacts in low temperature region. I 0 minimum currents in negative bias region were changed from about 10 −14 A to 10 −11 A in temperature range of 200-300 K. Reverse currents behaviour of Pt/p-InP Schottky diode is very extraordinary as seen in Ellipse (E1). The real reason of this interesting behaviour has not been explained in details. But this fluctuation is mainly attributed to dipole relaxations or reversed carriers passing from the depletion layer to electrode region [7] . The p-type contact reverse currents increase with increasing temperature from just about 10 −9 A to 10 −6 A in respectively from 20 K to 400 K. Pt/p-InP Schottky diode reverse currents have minimums in zero bias in 300-400 K. High performance rectifying capacity of Pt/p-InP in all temperatures can be seen in Fig. 3 explicitly. In all temperatures forward currents, coming up to approximately 0.5 A, were seen very rarely in litterature. In forward bias, low temperatures induced coincided current voltage characteristics in consecutive temperatures. This result can be attributed to very low series resistance (nano and micro ohm) approach of Chand and Bala [8] . Such an intersecting characteristics have not seen in literature up to now in such wide and low temperatures experimentally before. Thus, theoretical approach of Chand and Bala was experimentally verified by this paper. This issue will be discussed again in the course of the results of Norde calculations. In the high temperature region, p-InP based platinum Schottky diode currents were increased with increasing temperatures. In the low temperature region, very low effective barrier height regions were dominant. Reverse currents of Pt/n-InP varies as seen in literature clasically. Reverse currents of Pt/n-InP increase with increasing temperature from about 10 −9 A to 10 −2 A in 20 K to 400 K as can be seen in Fig. 3 . High performance rectfying capacity of Pt/n-InP in all temperatures can be seen in Fig. 3 explicitly similar to Pt/p-InP. In all temperatures forward currents pass to approximately 0.5 A values very rarely seen in litterature. Coincided current-voltage characteristics as seen p-type contact in low temperature region were attributed to very low series resistance approach of Chand and Bala [8] . In forward bias region of Pt/n-InP, Ellipse 2 (E2) explains that currents were increased with decreasing temperature after a cross point. This unussual result obeys series resistance approach suggested by Oswald and Horwath [9] . They simulated current-voltage characteristics and found temperature independent effects after a cross point. They also explained the result as: "The charge carrier scattering in the depletion region is more effective for the purpose of explanation about current flow mechanism for the lower voltages than the cross-point voltage. Thereby, charge scattering limits current in the quasi-neutral portion of the semiconductor in high voltage region". This simulated interesting cross point behaviour of Schottky contacts was proved in this paper by experimentaly current-voltage characteristics of Pt/n-InP.
I − V characteristics were investigated by thermionic emission (TE) current equation. The TE equation at forward-bias (V ≥ 3 kT) can be given as:
where I 0 is saturation current and it can be defined as:
where A is diode area, A * is the effective Richardson constants are respectively 60 A·cm −2 ·K −2 and 9.8 A·cm −2 ·K −2 for p-type InP and n-type InP. T is temperature in Kelvin, k is Boltzmann constant and e is electronic charge and Φ b is the zero bias barrier height (BH). We can write equations for ideality factor and barrier height as follows:
eΦ b = kT ln AA * T 2 I 0 (4) Figure 4 shows ideality factors (n) and barrier heights (Φ b ) depending on given temperatures. Ideality factors were larger than unity for both diodes in all the temperatures. Ideality factors of Pt/n-InP were smaller than Pt/p-InP Schottky diode in 20-220 K. The n values of both diodes were approximately same in 240-400 K. Similar barier heights were seen in 20-60 K for both contacts. Barrier height differences between two diodes were increased with increasing temperature in range of 80-240 K. After 260 K barrier height difference was remained approximately firm. Generally, high barrier height explains a high quality contact performance. High barrier heights of Pt/p-InP/Zn-Au Schottky diode are mostly attracted attention. Barrier heights were increased with increasing temperature from 20 K to 240 K as can be seen in Fig. 4 . This effect means that inhomogeneous barrier height distributions were fastly changed in the effect of temperature differences for each temperature. Approximately unchanged barrier heights show us barrier height distribution was not changed significantly depending on increasing temperature. Linear correlation between ideality factors and barrier heights was verified in most of studies. Figure 5 shows linear and nonlinear portions of ideality factorbarrier height plot. Linear relationship between n and Φ b were seen only 140-400 K and 100-400 K for respectively Pt/p-InP and Pt/n-InP Schottky contacts. Homogeneous barrier heights of Pt/p-InP and Pt/n-InP are respectively 0.891 eV and 0.568 eV in given linear regions. In very low temperatures, nonlinearity is dominant. Nonlinearity behaviour in ideality factor-barrier height is very interesting. Namely, decreases in ideality factors were faster than decreases in barrier heights in the effect of low temperature conditions. So, homogeneous barrier height cannot be calculated from linear relationsip between n and Φ b for very low temperatures. We can see linearity in BH-n plot in high temperature ranges for both type of diodes. Linear relationship between barrier height and n is attributed to inhomogeneous interfaces and barrier heights. But we cannot say the low temperature region has not uniform interface directly. Perhaps, because of sharp changes in consecutive slopes of the linear regions, linear regions can be brought in a curve similar to the parabola in low temperature regions. This result can be explained by temperature independent inhomogeneities of barrier heights. Very low temperature applications of Schottky diodes are not fully understood due to the experimental difficulties. Investigations under 80 K are very little to enhance a large perspective for a deep explanation of nature of Schottky contacts under this temperature.
Norde proposed a model as follows for series resistance calculations [10] :
where γ is an dimensionless integer greater than ideality factor. I(V ) shows current values depending on applied bias obtained from I −V −T measurement results. Norde plot is seen in Fig. 6 . R S is series resistance and calculated from Eq. 6. Series resistances were seen in Table 1 . Mclean explained Norde plot as: function approaches a line with a gradient of +1/2 if there is only one series resistance [11] . Therefore, two types of Pt/InP contacts have unique series resistances at low temperatures in accordance with the approach of Chand and Bala as can be seen in Fig. 6 [8] . The +1/2 gradient of lines can be seen clearly in Fig. 6 from about 20 K to 140 K. Norde curves tend from parabolas to linear plots after a critic temperature in high temperature range for both types of contacts as a result of series resistance values. Figure  6 and Table 1 show us relationship between linearity in Norde plots and only one series resistance approach of Norde clearly. For respectively Pt/n-InP and Pt/p-InP diode 20-100 K and 20-140 K temperature regions were seen as one series resistance regions. Norde functions did not have explicit minimums in these regions. This result is compatible with the overlapping I − V curves in low temperatures and very low series resistance approach of Chand and Bala in a perfect way as can be seen in Fig. 3 [8] . Series resistances of both types of contacts depending on temperature were seen in Table 1. 
Conclusion
We fabricated Pt Schottky diodes based on n and p-types of InP semiconductor substrates by magnetron sputtering technique and compared their electrical performance. The stable temperature dependent electrical characteristics showed both two type of DC magnetron sputtered contacts showed excellent performance. The theoritical approaches of Chand and Bala and Oswald and Horwath were proved experimentally by the characteristics of p-type and n-type InP Schottky contact characteristics [8, 10] . This result is supported by Norde calculations. Barrier heights and ideality factors graph show an interesting unexpected nonlinear behaviour in low temperature region. Pt/n and p-type InP Schot-tky diodes demonstrated high rate of electrical response from 20 K to 400 K.
